mm Hg) in eight of the nine patients (6/9 without medication). Early postoperative complications included hyphaema (trace -2*5 mm) (6/9), temporary fibrinous sclerostomy occlusion (4/9), profound early hypotony (all patients without fibrinous occlusion), and suprachoroidal haemorrhage in one case. Conjunctival laser wounds were self sealing. Small bore laser sclerostomy procedures are functionally equivalent to conventional full thickness procedures, producing early postoperative hypotony, with an increased risk of suprachoroidal haemorrhage in association with this. Further research is required to improve control over internal guarding in excimer laser sclerostomy before clinical trials of this technique can safely proceed.
Hz, air-jet pressure intraocular pressure +25 mm Hg). After 6 months' follow up, intraocular pressure was controlled (-16 mm Hg) in eight of the nine patients (6/9 without medication). Early postoperative complications included hyphaema (trace -2*5 mm) (6/9), temporary fibrinous sclerostomy occlusion (4/9), profound early hypotony (all patients without fibrinous occlusion), and suprachoroidal haemorrhage in one case. Conjunctival laser wounds were self sealing. Small bore laser sclerostomy procedures are functionally equivalent to conventional full thickness procedures, producing early postoperative hypotony, with Accepted for publication 17 August 1993 Conventional glaucoma filtration surgery has two principal areas of poor control: the reproducibility of fistular dimensions, and the extent of tissue trauma.' The argon fluoride excimer laser at 193 nm has been shown, in corneal excisions,'
I to perform exceptionally well in both these areas removing less than 1 incorporates an en face air jet which raises ambient pressure in the target area. This acts to promote haemostasis and prevent aqueous flooding during ablation. The conjunctiva is plicated at the limbus before ablation (Fig 2A) . At the end of the procedure the mask is removed and the conjunctiva relaxes back to its original position, separating the conjunctival and scleral wounds created by through and through ablation ( Fig  2B) . No Low volume retrobulbar anaesthesia (2-5 ml of 1% lignocaine) was supplemented with a van Lint orbicularis block and the 1 minute application of a cotton wool pledget soaked in 1% amethocaine, placed beneath the upper lid over the superior rectus insertion. With the patient positioned beneath the operating microscope (built into the laser delivery system) in an adjustable chair reclining at approximately 450, the inclination of the head rest was adjusted to ensure that the path of the vertically delivered laser beam to the superior limbus would comfortably clear the patient's brow. The chair was then temporarily rotated away from beneath the laser to allow antiseptic preparation (5% povidone iodine), draping, the placement of a self-retaining speculum, and a superior rectus stay suture (5/0 silk) ( Fig 3A) . Sterile adhesive tape was used to hoist the brow as part of the draping procedure. The rectus suture was used to rotate the eye inferolaterally until the iris was approximately in the coronal plane. The patient was then repositioned beneath the laser, and a modified open mask was placed by the operator (Fig 3B) , with the microscope graticule (indicating the beam centre), the secondary and the primary mask aperture concentrically aligned.
Using a Questek model 2820 ArF (193 nm) excimer laser with a delivery system'0 configured to produce an even distribution of energy across a 1-5 mm rotating beam at the mask surface, ablation proceeded at a fluence per pulse of 400 mJ/cm2 and a pulse repetition rate of 16 Hz, with an en face air jet pressure of IOP +25 mm Hg. Energy levels" and air jet pressure7 were checked before each procedure as previously described. Two masks were used throughout the trial, with ethylene oxide sterilisation between cases.
The primary aperture sizes were 250 [tm and 400 pm. 2 weeks, and at the end of each month postoperatively. Automated perimetry was repeated after 3 months.
Results
The results and complications of ELS in the nine patients treated are summarised in Table 1 
mJ).
Conjunctival laser wounds were all self sealing by day 1 (Fig 4) , and were displaced from the external ostium of the sclerostomy by approximately 4-8 mm. Seidel testing revealed conjunctival wound leakage at the site of the superior rectus suture in case 7. This persisted until shortly after 5-FU injections were terminated on day 14 Figure 4B The same eye at 3 months showing a diffuse translucent bleb. Bleb morphology was variable (Table 1) . been reported.2' Thermal damage zones produced by 'hot wire' radiofrequency diathermy systems27 of sclerostomy formation are no larger than those observed for the holmium laser with the current delivery system. Diathermy systems are relatively inexpensive, and produce no percussive damage.
Good IOP control was achieved in 8/9 of our patients at 6 months, although filtration in case 5 (qualified success at 6 months) has since failed. These early results are approximately equivalent to the human results from other techniques of laser sclerostomy'2' and trabeculectomy'92" in a similar patient group. A larger scale controlled trial would be required to evaluate the influence of minimising tissue trauma on filtration function, and improved control over haemostasis and hypotony would be required before this could proceed.
HAEMOSTASIS
The price for cutting without adjacent thermal tissue damage is the lack of any simultaneous cauterising effect. The holmium laser2' and hot wire systems27 28 of sclerostomy formation create sufficient surrounding thermal coagulation to largely prevent primary bleeding. This effect is totally absent for the 193 nm excimer laser. Other lasers with relatively confined thermal damage zones, including erbium29 and picosecond YLF30 lasers, are also non-haemostatic. Hyphaemas are seen in 18-53% of cases after trabeculectomy, depending upon the technique used.3' Haemostasis does appear to be improved significantly in ELS by pausing with the mask in situ and the air jet switched on, to maintain a period of positive pressure tamponade in a dry sclerostomy, after the completion of ablation. The total period of tamponade during the procedure (about 10 minutes) should then exceed the bleeding time for small vessels transected during ablation. This protocol modification was introduced for the last two patients in the series, neither of whom developed a hyphaema. Tissue plasminogen activator may be unnecessary in cases of temporary fibrinous occlusion. Provided that antimetabolites are successful in preventing fibroblasts invading and organising the clot, spontaneous resolution can be expected.
HYPOTONY
There is a relatively high incidence (6% -10/162) of suprachoroidal haemorrhage complicating pseudophakic filtration procedures,32 and postoperative hypotony may increase the risk of this sight threatening complication.33 A suprachoroidal haemorrhage occurred in one case in our series, and occurred in 14% (7/ Early hypotony after full thickness filtration surgery might previously have been attributed, at least partially, to conjunctival wound leakage or inadvertent cyclodialysis: but the prominence of hypotony in the absence of these factors after ELS confirms that the lack of resistance to aqueous outflow from within the scleral fistula itself (fistular resistance) is principally responsible. The resistance to aqueous outflow beneath the intact conjunctiva (bleb resistance) must also, initially, be very small to explain the observed early hypotony. Applying Poiseuille's formula37 (Fig 5) , it can be seen that, for sclerostomies :60 ,um (approx), fistular resistance is negligible. All current laser sclerostomy techniques will thus be equally prone to early overdrainage.
In unguarded procedures (Fig 6A) , IOP typically rises to, and stabilises in, the 'low teens','9 as bleb resistance increases with limited subconjunctival wound healing and the formation ofa definitive filtration bleb. This evolution, seen in a relatively pure form after ELS and other laser sclerostomy procedures in which wound leakage is absent and conjunctival dissection is minimal, is superimposed on a baseline level of fistular resistance in guarded procedures ( Fig  6B) , resulting typically in 'high teens' IOP control'9 -which may be less effective in preventing progressive field loss. 18 To combine the possible advantage of a low teens final IOP level and protection from early postoperative hypotony, the ideal filtration procedure would allow fistular resistance to be abolished, if necessary, once bleb resistance had established and stabilised (Fig 6C) . Trabeculectomy with suture adjustment (lysis/release) purports to do just this, but will inevitably fail to produce consistent results, because by the time subconjunctival wound healing has stabilised and bleb resistance is established, fibroblasts will already have fixed the scleral wound. Suturelysis at this point would make little impression, and earlier adjustment risks hypotony. Baseline fistular resistance is also poorly controlled after trabeculectomy. Early hypotony has been found in 76%27 of cases using standard methods, and 25-64% (depending on the number offlap sutures placed initially) 0O 20, in the largest published series38 in which laser suture lysis was routinely used. In ELS, stopping ablation at the moment of perforation leaves the sclerostomy guarded by a smaller internal ostium. 12 Both human39 and animal9 histological studies indicate that wound healing after laser sclerostomy is confined to the external, episcleral portion of the sclerostomy. Gonioscopy in case 4 showed the internal ostium had remained patent at least 2 months after filtration failure. Guarding internally should thus, in contrast to trabeculectomy, divorce the site of guarding from the site of wound healing, allowing effective late abolition of fistula resistance by Nd:YAG expansion of the internal ostium ab interno.
In our original protocol patients were randomised to receive either a 250 pin or a 400 pm full thickness sclerostomy, using large diameter ' 
